Two groups of fungi isolated from human skin and nail are the dermatophytes Epidermopyton, Microsporum and Trichophyton species and the non-dermatophytes Hendemonula toruloidecz and Scytalidium hydinum. Examination of the sterol composition of these fungi by gas chromatography-mass spectrometry (GC-MS) identified five new sterols from dermatophytes, namely cholesterol, campesterol, episterol, fecosterol and sitosterol. These sterols, with ergosterol and brassicasterol, were also identified from extracts of H. torufo&u and S hydinum. Sterol patterns produced by GC-MS with selected ion recording of ten ions were analysed by principal components mdy& using the SIMCA statistical package. The dermatophyte genera and species were not differentiated using this method, the similarity in sterol content reflecting the close taxonomic relationship of this group. He toruloiderr and S hyalinum had similar sterol contents to each other, reinforcing the opinion that these fungi are related, although H. torulo&z form 3 was distinguished from forms 1 and 2.
Introduction
There are two groups of filamentous fungi commonly associate1 with superficial human skin and nail infection : the dermatophytes, comprising Epidermophyton, Microsporum and Trichophyton species, and the nondermatop hytes Hendersonula toruloidea and Scytalidium hyalinum. Isolations of these fungi in 1976 from a mycological outpatient population in London were 59 % dermatophytes and 2.5% H. toruloidea (Clayton, 1977) . A recent survey of the interdigital foot microflora of London office populations revealed that 15% carried ' dermatophytes, 1.6% H. toruloidea and 1 % S. hyalinum (data partly published in Howell et al., 1988) , indicating these to be relatively common skin inhabitants.
Although fungal taxonomy relies upon traditional morphological examination, several chemotaxonomic methods have been applied to the dermatophytes, including fatty acid analysis (Jones & Noble, 1981) and sterol composition (Jones & Mallet, 1983) with the latter method tending to show division of species according to ecological origin. However, chemotaxonomy has not been applied to Hendersonula and Scytalidium species. Moore (1988) described three colonial forms of H. toruloidea and has also shown these to cross-react antigenically with each other and with S. hyalinum using intermediate gel, fused rocket and rocket-line immunoAbbreviations : PCA, principal components analysis; SIR, selected ion recording; tBDMS, tert-butyldimethylsilyl; TMS, trimethylsilyl. electrophoresis (Moore & Hay, 1986) . Van Eijk & Roeymans (1978) compared the production of two pigments by these fungi and found that strains of both species produced both pigments.
In the present study we have investigated the sterol composition of 14 species of dermatophyte using gas chromatography-mass spectrometry (GC-MS), and also describe the previously unreported sterol content of H. toruloidea and S . hyalinum. The data obtained have been subjected to statistical analysis to uncover possible chemotaxonomic relationships.
Derivatization. The sterols were converted to tert-butyldimethylsilyl (tBDMS) ethers by suspending 25p1 dried sterol extract in 40p1 derivatizing agent [N-(tert-butyldimethylsilyl)-N-methyltrifluoroacetamide/tert-butyldimethylsilyl chloride/l-(tert-butyldimethylsilyl>imi-dazole/acetonitrile, 50 :0.5 : 5 : 100, by vol., Aldrich] and incubating at 60 "C for 2 h (Mallet et al., 1986) . Following evaporation to dryness, the derivatized sterols were redissolved in ndecane. Sterol trimethylsilyl (TMS) ethers were produced by incubating 25 p1 dried extract in 40 p1 bis-(trimethylsilyl>trifluoroacetamide (Aldrich) for 2 h at 60 "C. The dried sterol TMS ethers were redissolved in n-decane.
Gas chromatography-mass spectrometry. Chromatographic separations were performed using SE30 coated 12 m x 0-32 mm quartz capillary columns with temperature programmes from 175 "C to 300 "C on a Hewlett-Packard model 5890 gas chromatograph with a splitless injection system. The gas chromatograph was directly coupled to the source of a VG Mass Laboratories Trio 2 quadruple mass spectrometer controlled by a DEC 1 1/73-based 1 1-250 data system and spectra were produced using electron impact (EI) ionization. EI GC-MS selected ion recording (SIR) studies were performed on a VG Analytical model 305 mass spectrometer controlled by a Technivent data system coupled to a Varian Associates model 3400 gas chromatograph fitted with an on-column injector. The ions examined were 437.4, 439.4, 441.4, 443.4, 451.4, 453.4, 455.4, 457.4, 469.4 and 471.4 , which represent ions observed in the mass spectra of the sterol extracts and agree in mass with those of the calculated [M-57]+ ions of known sterol tBDMS ethers.
Statistical analysis. Experimental variation was accounted for within each sample, without the use of an internal standard, by calculating the proportion of each sterol or peak, by peak height, in each ion chromatogram as a percentage of the total peak heights from all ten ion chromatograms produced by examining the ten ions by GC-MS-SIR. However, each of the peak heights was first corrected for any isotopic cross-contribution from other sterols eluting at identical retention times. Areas were not used since the sterols examined showed only small changes in molecular mass (C27-C29), and hence elution volume, which were not sufficient to influence peak widths. These data were inserted into a matrix originally containing 75 variables that was reduced to the 34 active variables found to contribute to the analysis. This was analysed using the SIMCA statistical package (Sepanova AB, Sweden) by principal components analysis (PCA) and disjoint PCA with cross-validation (class modelling). The latter method applied principal component models to the group of strains in each class, and confidence limits were calculated by approximate F-tests using the standard deviation of objects within each class (Albano et al., 1981) . The remaining strains were tested for similarity to the classes.
Results and Discussion
Two derivatives were used in the identification of the fungal sterols. The TMS derivative provided good fragmentation (Table 1 ) and therefore more details for comparison with known compounds. The tBDMS derivative produced fewer fragment ions (Table 2) , resulting in a more intense and therefore characteristic (7) 437 (2), 451 (2), 466 (4) 365 (7), 380 (9), 455 (49), 470 (7) 456 (18) 363 (56), 378 (lo), 453 (2), 468 (14) 455 (7), 470 (9) 472 (9) 455 (14), 470 (7) 471 (4), 486 (7)
* RRT, relative retention time to cholesterol TMS ether. mass ion determinations and were not corrected for the different intensities of the [M -57]+ ions as several unidentified sterols were present for which the intensities of this ion were not known. For these reasons ergosterol has a low percentage composition in Table 3 despite the fact it was the major sterol produced by all of the fungi studied. These studies have positively identified five sterols in addition to those previously reported from dermatophytes (Yamada et al., 1978; Jones & Mallet, 1983) , namely: cholesterol, campesterol, fecosterol, episterol and sitosterol (Tables 1 and 2 ; structures shown in Fig.  2 ). Sitosterol is generally considered to be a major sterol of higher plants, and cholesterol the main mammalian sterol, althougll both have been identified in other organisms : cholesterol was reported in Aspergillus .ffavus and Ustilago maydis and sitosterol in Candida utilis (Weete, 1980) . However, the possibility of cholesterol contamination in the medium cannot be ruled out. Due to a lack of commercially available standards two other sterols were only tentatively identified as zymosterol and 4,4-dimethylzymosterol. A possible identity for sterol '437' would be a dehydroergosterol, based on its fragmentation pattern and molecular mass. These sterols, with the exception of zymosterol, were produced by most of the dermatophytes examined. However, campesterol and sitosterol were not detected in extracts of T. terrestre; campesterol was also absent in M. audouinii and M . ferrugineum; the latter species and T. verrucosum, also did not have detectable levels of the dimethylzymosterol-like sterol. Campesterol was produced by species from all three dermatophyte genera but appeared to be strain-dependent rather than a species characteristic. Table 3 shows the proportions of twelve major peaks in the ion chromatograms in all species investigated, nine of which have been identified; of the remainder, peak 5 was a fragment ion observed in the mass spectrum of brassicasterol and peak 11 was present in the mass spectrum of ergosterol. Peak 20 and the other components not listed in Table 3 remain unidentified.
The sterol content of H. toruloidea and S. hyalinum has not been previously described. As in most fungi, ergosterol was the major component and all strains also produced cholesterol, brassicasterol, fecosterol, episterol and sitosterol. Traces of zymosterol, usually associated with yeasts (Weete, 1980) , were detected and campesterol was found only in some strains of H. toruloidea.
Environmental factors are known to influence cell membrane composition. Yamada et al. (1978) reported a decrease in ergosterol content with age of E.JZoccosum, and it is well known that temperature influences the fatty acid composition of bacteria (Harwood & Russell, 1984) . The sterol content of the dermatophytes was examined after 3 and 10 d growth. Generally, levels of minor sterols such as campesterol and cholesterol decreased with age; however, there was much species variation without any ecological or taxonomic pattern (data not shown). Therefore a standard growth period of 10d was arbitrarily chosen which was found to be long enough to permit sufficient growth of the slower-growing species and pleomorphic strains. The optimum growth temperature for dermatophytes was 30 "C and variation from this was found to influence sterol composition (data not shown and Howell, 1988) . Following incubation at 22°C or 30°C As and sterols, such as cholesterol and brassicasterol, were abundant. However, after growth at 37 "C the propor-Principal component 1 Fig. 3 . PCA of the dermatophyte sterol composition determined using tions of these sterols decreased and and A8,2q28) sterols such as episterol and fecosterol increased.
GC-MS-SIR
As the sterol contents of the dermatophyte species were similar, sterol patterns produced by SIR (as in Fig.  1 ) were used to investigate chemotaxonomic relationships using PCA. PCA is a statistical method for reducing multivariate data to a two-dimensional plot by assessing which variables have significant standard deviations and plotting them two at a time. Approximate relationships between fungal strains may then be assessed graphically (Wold et al., 1984) . The data in Fig.  3 show the three dermatophyte genera to be indistinguishable. Jones & Mallet (1983) reported possible grouping of species according to ecological origin but this trend was not observed here. When the genera were examined individually the species were still inseparable by PCA. When intrageneric similarity was examined using class modelling, defining T. mentagrophytes and T. rubrum as separate classes in Fig. 4 and M. canis and M . gypseum in Fig. 5 , none of the other species were classified within the class confidence intervals or in the intermediate region between the classes. This possibly demonstrates a level of intrageneric separation, but too few strains were included in the class models to make this a reliable indication.The dermatophytes are considered to be closely related, as the teleomorphic species known are now thought to be congeneric (Weitzman et al., 1986), and several biochemical tests have failed in species separation (Davison et al., 1980; Jones & Noble, 1982) . Detailed examination of sterol content is in agreement with this opinion. The sterol compositions of S . hyalinum and the three morphological forms of H. toruloidea were compared by PCA and some separation was found (Fig. 6) . H . toruloidea form 3 was distanced from forms 1 and 2, which overlapped. S. hyalinum strains were positioned between the H. tomloidea clusters. The separation of the strains was not improved by plotting further principal components .
The morphological forms of H. tomloidea have different geographical locations (Moore, 1988) . Forms 1 and 2 have been isolated predominantly from populations from the West Indies, South America and West Africa, whereas form 3 has been isolated mainly from patients from East Africa, the Indian subcontinent and islands in the Indian ocean. H. tomloidea is also a plant pathogen, but descriptions of this fungus from plant material resemble form 1 (M. K. Moore, personal Fig. 6 . PCA of the sterol compositions of S. hyalinum and the three colonial forms of H . toruloidea. This plot of the first two principal components demonstrated similarity between the two fungal species, but differentiated H . toruloidea form 3 from forms 1 and 2. 1, H. toruloidea form 1; 2, form 2; 3, form 3; S, S. hyalinum. communication). S. hyalinum has been identified in clinical material from populations from South America, the West Indies and West Africa, and has not been isolated from any other source (Moore, 1986) . These two species have been found in the same geographical locations, show great similarity in production of disease in human skin, cross-react antigenically and have mol% G + C contents in the range 55.8-56-2 (Davison et al., 1980) ; it has therefore been considered that they may be closely related. Analysis of sterol composition seems to reinforce this opinion for forms 1 and 2 and S. hyalinum but highlights differences between the three colonial forms of H. toruloidea. H . toruloidea form 3 isolates were identified on the basis of the production of arthroconidia similar to that seen in forms 1 and 2. However, unlike forms 1 and 2, form 3 isolates have not been shown to produce the pycnidia specific to H. toruloidea. Their exact identification, therefore, is problematic and this has been reinforced by the results of this study.
